A key message of the 2019 toolkit:""\[Antimicrobial Stewardship\] interventions should be implemented in a stepwise approach, build on existing structures and reporting, maximize teamwork, and encourage champions and clinical staff--including prescribers--to participate. Start small and keep it simple and doable." ([@bib0145])."

The World Bank defines low- to middle-income countries (LMICs) based on gross national income per capita. Exact details on calculations and a list of LMICs can be seen on their website (<https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups>)

Per the World Bank in 2016 an aggregate of LMICs spent 5.42% of GDP (\$234 per person) on healthcare compared to 12.59% (\$5,179 per person) for high-income countries. This review will provide an overview of establishing an Antimicrobial Stewardship Program while acknowledging the unique challenges facing LMICs.

**Key Issues**:•Antimicrobial resistance is higher in low- and middle-income countries (LMICs)•Antimicrobial stewardship programs (ASPs) can help decrease the emergence of antimicrobial resistance and improve the safe use of antimicrobials•Addressing over the counter antimicrobial prescribing and water sanitation are integral to limiting antimicrobial resistance•LMICs will have unique pathways for implementing ASPs•ASPs must overcome communication issues (especially in countries with multiple languages)•The World Health Organization\'s 'Antimicrobial Stewardship Programmes in Health-Care Facilities in Low- and Middle-Income Countries: A WHO Practical Toolkit' ([@bib0300]) is a valuable resource for providers in LMICs.

1. Known Facts: {#sec0005}
===============

1.1. Introduction The Scope of the Problem {#sec0010}
------------------------------------------

In 2016 the United Kingdom commissioned a report to define the problem of antimicrobial resistance (AMR). According to the report coordinated by economist Jim O'Neill, AMR is projected to cause 10 million deaths per year by 2050. Additionally, governments of all countries are projected to have escalating healthcare costs attributed to AMR. There is a projected 100 trillion USD global economic impact. The report stresses that resources dedicated to preventing AMR now will prevent far larger costs in the future ([@bib0210]). According to the Centers for Disease Control and Prevention (CDC) 2019 threat report, in the United States alone there are over 2.8 million AMR infections and 35,900 deaths from AMR per year ([@bib0075]). ASPs have been shown to decrease rates of AMR ([@bib0230], [@bib0235], [@bib0035], [@bib0090], [@bib0070]). Additionally, there are numerous examples of ASP implementation providing cost savings, primarily by decreasing intravenous antimicrobial consumption ([@bib0015], [@bib0060]). Data in LMICs are limited. However, reviewing data from the early implementation of the global AMR surveillance system (GLASS) from 2017-2018 there is significant AMR in LMICs. In Malawi, among 401 *Klebsiella pneumoniae* isolates and 964 *Escherichia coli* isolates from blood cultures over 75% were resistant to ceftriaxone. In India, among 933 *Klebsiella pneumoniae* isolates over 75% were resistant to cefepime with nearly 50% resistant to carbapenems. Similarly concerning findings can be seen in Egypt, Nepal, Nigeria, Pakistan, Northern Macedonia, Tunisia, Uganda, and Zambia among others. For comparison, the United Kingdom reported less than 25% resistance to third generation cephalosporins for 5,303 isolates of *Klebsiella pneumoniae* and 30,218 *Escherichia coli* ([@bib0295]). A review of data in South and Southeast Asia published in 2016 reported on the significant local burden of AMR. Most South (India and neighboring countries) and Southeast Asian countries estimated greater than 40% of *Acinetobacter baumannii* isolates were resistant to carbapenems ([@bib0160]). Carbapenem-Resistant Enterobacteriaceae rates exceeding 10% in South Asia and lower but increasing rates in Southeast Asia were also reported ([@bib0160]).

1.2. Water Sanitation {#sec0015}
---------------------

An especially important consideration in LMICs is water sanitation. According to the O'Neill report, universal access to sanitized water could decrease antimicrobial prescribing for diarrheal illness by 60%. In India, Indonesia, Nigeria and Brazil nearly 500 million courses of antimicrobials are prescribed for diarrheal illness per year. Diarrheal illness caused an estimated 1.2-1.3 million deaths per year in 2015 per the Global Burden of Diseases, Injuries, and Risk Factors Study ([@bib0140]). Increased access to clean water can reduce morbidity and mortality from diarrheal illness. It has been estimated that improving sanitation by 50% could lead to 9.5 additional years of life expectancy ([@bib0210]). Initiatives such as the Clean India Mission provide examples of government sponsored efforts to improve water sanitation ([@bib0210]). Improved sanitation including hand hygiene have demonstrated benefit in decreasing transmission of hospital acquired infections in LMICs ([@bib0270]). A review from the International Society of Infectious Diseases is available that discusses hand hygiene in LMICs.([@bib0200]).

1.3. Antimicrobial Use in Agriculture {#sec0020}
-------------------------------------

Agriculture provides an additional target for ASP activities at the national level. In the United States up to 70% of antimicrobials are utilized in agriculture ([@bib0210]). There is some evidence correlating antimicrobial resistant infections in humans to use in agriculture ([@bib0080]). There are limited data on agricultural antimicrobial use in LMICs. The European Union has banned use of antimicrobials for growth promotion in animals and studies from Denmark demonstrate no adverse effects on livestock ([@bib0005]). By extension, the utilization of antimicrobials in aquaculture may put humans at risk for antimicrobial resistant pathogens. A study published in *EcoHealth* examined 94 aquaculture farms in Vietnam and reported an average of 3.3 kg of antibiotics for every ton of aquatic product, most of which were on the World Health Organizations (WHO) highly or critically important antimicrobials list. 26.9% of fish bought from local markets tested positive for antimicrobial residues ([@bib0220]). Additional data are needed to contextualize agricultural use of antimicrobials in LMICs and their role in AMR.

Consumption data for animals are scarce, come from variable sources, and are often measured in per kilogram consumption due to the high proportion of in-feed utilization. National programs to monitor antimicrobial distribution in animals should be essential, but such programs have not universally been adopted (Schellack, 2017). Some LMIC are already acting, however. China banned colistin for growth promotion in animal use in 2016, Malaysia followed in January 2019 and also plan to ban additional antibiotics as growth promoters in animal food. In South America, Argentina, Chile, and Columbia have banned various antimicrobials for growth promotion. Thailand and Vietnam have bans on antimicrobials for growth promotion although exceptions exist for disease prevention. Many other countries have proposed legislation or have developed national action plans to address this growing threat ([@bib0125]).

1.4. Antimicrobial Stewardship Programs are Safe and Effective {#sec0025}
--------------------------------------------------------------

Part of the role of ASPs is to ensure guideline-directed empiric therapy ([@bib0145]). A 2016 meta-analysis in *Lancet Infectious Disease* examined 145 studies and demonstrated a 35% relative risk reduction in mortality when guideline-directed empiric antimicrobials were prescribed ([@bib0240]). The same study demonstrated no statistically significant increase in mortality from intravenous to oral recommendation, narrowing of antimicrobial therapy, or restricting antimicrobials. Several studies have directly examined the role of ASP in LMICs. A 2019 scoping review of interventions to reduce antimicrobial prescribing in LMICs examined 102 studies across primary care, hospital, and pharmacy settings. The data were skewed towards urban hospital settings, and the quality of data were noted to be limited. Among a subset of 41 studies with the most complete study designs, 21 demonstrated a positive effect (decreased antimicrobial consumption) of various ASP interventions compared to only 4 demonstrating negative effects (the remainder revealed mixed or no effects). The most effective interventions were noted to be formal activities by an ASP (guidelines, targets with incentives/disincentives, provider education and prospective audit with feedback) ([@bib0275]).

ASP activities can also be cost effective. A 2017 study in the *South African Medical Journal* examined the financial impact of an ASP over four years. They demonstrated a 2.8 million ZAR (approximately 193,000 USD at 2020 exchange rates) net savings primarily driven by decreased intravenous antimicrobial consumption ([@bib0060]).Two studies have examined ASPs in Asia. A 2017 systematic review and meta-analysis examined 46 studies primarily focused on upper-middle- or high-income countries (Japan, Australia and Singapore were most represented), with 11 studies from LMICs (China- 6, Thailand - 4, Indonesia - 1). The study found a decrease in antimicrobial consumption and length of stay while demonstrating cost savings. There was no negative impact on mortality. The most commonly examined ASP interventions were PAF (17 studies) and antimicrobial restriction (8 studies) ([@bib0150]). A separate systematic review and meta-analysis published in 2018 examined 77 studies with 43 from LMICs. The most common ASP interventions were PAF (29), education/training (23), and institutional guidelines (18).The majority of the studies demonstrated decreased antimicrobial consumption with cost savings ranging from 12-73%. A non-significant reduction in mortality was observed; a subgroup examining therapeutic drug monitoring (6 studies) did demonstrate significant reductions in mortality with a relative risk of 0.77, although this was largely driven by a single study. There was also a significant reduction in hospital-acquired infections, although this may have been confounded by infection prevention and control initiatives ([@bib0195]).

2. Suggested Practice {#sec0030}
=====================

2.1. Establish ASP as a Priority (National Action plans) {#sec0035}
--------------------------------------------------------

In 2015, at the 68^th^ World Health Assembly, a global action plan to address AMR was adopted focusing on 5 major objectives ([Fig. 1](#fig0005){ref-type="fig"} ). Members of the assembly stressed the importance of developing a national action plan focusing on these objectives while adapting to local situations ([@bib0280]).Fig. 1World Health Organization (WHO) Global Action Plan Objectives ([@bib0145]).Fig. 1

Within the past decade India, China, South Africa, Kenya, Argentina, Uruguay, Malaysia and Colombia among others have developed national action plans to further develop antimicrobial stewardship and limit AMR ([@bib0095]). The WHO provides a framework for the development of a national action plan, which WHO also notes is ideally the first step in developing local ASPs ([@bib0145]).

If the resources or government support is unavailable for the creation of a national action plan, there are alternative resources available to assist in creating country-specific antibiotic use and resistance data. The United States Center for Disease Dynamics, Economics and Policy (CDDEP) supports a program called the Global Antimicrobial Resistance Partnership (GARP) (<https://cddep.org/wp-content/uploads/2017/06/garp_factsheet-1.pdf>), which provides tools for LMIC to collect data on nation-wide trends in antibiotic use and AMR along with supporting stewardship activities ([@bib0095]). According to the CDDEP website, countries such as Vietnam, India, Nepal, Kenya, Tanzania, Uganda, Mozambique, Pakistan, South Africa, Namibia, Nigeria, Seychelles, Bangladesh and Zimbabwe have partnered with the program. GARP is a valuable resource, especially if the program is already active in the country of interest. New countries are being added in phases. (<https://cddep.org/partners/global-antibiotic-resistance-partnership>).

Free resources are also available through non-government agencies such as ReAct (<https://www.reactgroup.org/toolbox>). ReAct is a web-based open access toolkit funded by the Swedish International Development Cooperation Agency and Uppsala University along with donation support. Their current strategic focus is in low resource settings and includes helping to develop national action plans. Their website also includes educational resources on AMR and discusses potential stewardship interventions in LMICs.

Country-level support and data are highly valuable in creating hospital-level efforts. If resources are available, a gap analysis can be performed to help determine regional needs. This involves surveying local institutions for current practices related to antimicrobial stewardship. As an example, this has successfully been performed in Thailand ([@bib0020]).

2.2. Medication Management {#sec0040}
--------------------------

Currently, lack of access to antimicrobials may cause more deaths than antimicrobial resistant pathogens in LMICs. A 2016 report in the *Lancet* extrapolated data from 101 LMICs and estimated 445,000 deaths per year from pneumonia in children under 5 compared to 214,500 deaths per year from neonatal sepsis related to antibiotic resistant organisms ([@bib0185]).

Essential to ASP activity is having access to appropriate antimicrobial therapy as defined in WHO essential medicines ([@bib0145]). Broad spectrum antimicrobials designed to treat drug resistant organisms are not as widely available in LMICs ([@bib0185]). The WHO AWaRE classifications provide a framework for categorizing key antimicrobials ([Fig. 2](#fig0010){ref-type="fig"} ). Within this framework, RESERVE category antimicrobials are a key target for ASPs.Fig. 2World Health Organization AWaRE classification of antibiotics. Figure from World Health Organization Antimicrobial Stewardship Programmes in Health-Care facilities in low- and middle-income countries--A WHO Practical toolkit ([@bib0145]).Fig. 2

Although antimicrobial access is a major issue in LMICs, AMR is also significant. Point prevalence surveys (PPS) for collecting data on AMR or use from a few sites can provide a relatively quick assessment that is less resource intensive than more broad, continuous surveillance of use and resistance. Such surveys can be used to supplement existing surveillance in high-income countries but are particularly useful for providing a "snapshot" of resistance in LMICs without the infrastructure for continuous surveillance ([@bib0165]). Methodology can be found from the WHO at: <https://apps.who.int/iris/handle/10665/280063>.

Reducing suboptimal global antimicrobial consumption is critical for reducing the threat of antibiotic resistance, but reduction efforts must balance access limitations in LMICs and take into account both local and global resistance patterns ([@bib0175]).

2.3. Establishing an ASP Committee {#sec0045}
----------------------------------

The committee will ideally include an Infectious disease physician, clinical-pharmacist, clinical microbiologist or technologist (if a microbiology lab is present) and nurses (with infection control training if possible) ([@bib0145]). An expert panel from Asia also recommended the addition of an Information Technology expert ([@bib0025]). If some of these staff are not readily available, institutions may need to rely on antimicrobial stewardship champions. These can be physicians, pharmacists, or nurses with a special interest in antimicrobial stewardship. However, if a physician and/or pharmacist are not available to join the team, individuals should be identified from whom to seek advice when needed ([@bib0145]). The committee may also be established as a subcommittee of a pre-existing committee such as an Infection Prevention committee. In the latter instance, it is important that Antimicrobial Stewardship be a standing agenda item for reporting and discussion ([@bib0145]). Some hospitals lack infection prevention and control infrastructure. Separate resources exist that discuss implementing infection prevention and control programs in LMICs ([@bib0050], [@bib0260]).

2.4. Role of the ASP Committee {#sec0050}
------------------------------

The role of the ASP committee is to optimize antimicrobial use along with promoting behavioral change in antimicrobial prescribing and dispensing. The aims of the committee should be to improve quality of care, reduce unnecessary antimicrobial exposure (with the goal of reducing the emergence of AMR) while also decreasing unnecessary health-care costs. A useful tool designed to focus priorities for the ASP team is a SWOT (Strengths, Weaknesses, Opportunities, and Threats) analysis. ASP committees can implement a SWOT analysis to help focus priorities ([Fig. 3](#fig0015){ref-type="fig"} ).Fig. 3World Health Organization SWOT analysis example. Figure from World Health Organization Antimicrobial Stewardship Programmes in Health-Care facilities in low- and middle-income countries--A WHO Practical toolkit ([@bib0145]).Fig. 3

One role of the ASP committee should be developing a plan for data collection. Electronic collection is optimal but paper-based collection can also be utilized based on local resources. Data collection infrastructure is also essential to infection prevention and control programs ([@bib0260]) and collaborative efforts could be considered in limited resource settings.

Sources of data collection can include pharmacy dispensing data or hospital antimicrobial purchasing data. Data collection should be standardized and the WHO defined daily dosing (DDD) is commonly employed. Instructions on this process can be found on the WHO website (<https://www.who.int/medicines/regulation/medicines-safety/toolkit_methodology/en/>). Data can also be utilized to generate an antibiogram through coordination with microbiology ([@bib0145]). The Global Antimicrobial Resistance Surveillance System (GLASS) (<https://www.who.int/glass/en/>) is a global antimicrobial resistance surveillance tool developed by the WHO in 2015 designed to distribute data on global AMR. This can be a valuable resource for assessing local AMR trends. Data is currently available for 2017-2018. As of July 2017, 69 countries were enrolled and 48 provided AMR data.

In the South African context, especially in the public sector, it is difficult to replicate resource abundant stewardship models that are mostly driven by medical microbiology teams, infectious disease (ID) specialists and epidemiologists. Consequently, it is critical in the South African context to utilize the existing resources of pharmacists, registered nurses (RNs) and other members of the health care team, who are well placed to coordinate anti-infective management and improve patient outcomes.

2.5. ASP Interventions {#sec0055}
----------------------

After data are collected basic ASP interventions can be employed. The ASP committee can identify targets for interventions. Examples provided In the WHO toolkit include ensuring written indications for antimicrobial prescribing, reviewing treatments for patients prescribed three or more broad-spectrum antibiotics or surgical prophylaxis prescribed beyond 24 hours ([@bib0145]). Appropriate surgical prophylaxis has been proven to be an effective measure to prevent hospital acquired infections in LMICs and could serve as a joint goal for both ASP and infection prevention and control programs ([@bib0050]).

Once targets are identified, guidelines can be established and providers can be educated, which are both proven effective measures to decrease inappropriate antimicrobial prescribing in LMICs ([@bib0095]).

Guidelines should be developed by the local institution to facilitate optimal antimicrobial use. Depending on available resources these can be enhanced and expanded over time. An example would be producing a guideline on appropriate empiric antimicrobials for a condition such as urinary tract infection or pneumonia or suggested regimens for surgical prophylaxis. Mobile phone-based applications can be a valuable tool for information dissemination if local information technology support is available. According to the International Telecommunication Union, in 2019 there were over 6.6 billion mobile cellar subscriptions in the developing world compared to 1.6 billion in the developed world and 46.7% of households in the developing world have access to the internet ([@bib0170]). A 2016 *Lancet* study examined the effect of text messaging reminders among 107 rural healthcare facilities in Kenya and demonstrated a statistically significant 23.7% increase in adherence to malaria treatment guidelines ([@bib0305]). The Commonwealth Partnerships for Antimicrobial Stewardship Programme is a non-profit organization funded by the United Kingdom Department of Health and offers a free web-based or mobile application that includes the AWaRE list of WHO essential medicine list of antibacterials, along with national prescribing guidelines for Ghana, Tanzania, Uganda, and Zambia (<https://viewer.microguide.global/CPA/CWPAMS>).

If more resources are available advanced ASP interventions may be employed. Examples include prospective audit and feedback, which involves reviewing antimicrobial orders and providing feedback to providers regarding appropriate prescribing. Restriction of antimicrobials can also be employed. This entails creating a list of antimicrobials that cannot be ordered (such as those on the WHO AWaRE reserve list) without approval from a designated person or group (such as an ID specialist or the ASP team) ([@bib0145]). Adherence to guidelines can also be one of the approaches in evaluating the success of an ASP initiative.

A systematic review evaluating ASP interventions in LMICs was published in the *Bulletin of the World Health Organization* in 2018 that examined 27 studies (primarily from middle-income countries). The most common intervention was utilization of procalcitonin (8 randomized controlled trials). Four studies examined audit and feedback; three demonstrated decreased antimicrobial consumption, one demonstrated decreased length of stay and one reported no change in length of stay. Several studies examined antimicrobial restriction bundled with other interventions with mixed results. The authors acknowledge low quality methodology among the included studies ([@bib0100]). It should be noted that there is limited data for procalcitonin for tropical diseases including malaria or non-standard bacterial infections that are more common in certain regions (such as tuberculosis) ([@bib0190]).

2.6. Measure Outcomes {#sec0060}
---------------------

In order to measure outcomes specific goals should be set. The SMART (specific, measurable, achievable, relevant, time-bound) framework is a good method to help in setting goals ([@bib0145]). A specific timeframe should be set in order to achieve goals (e.g. before the next ASP meeting, et cetera) ([@bib0145]). Goals can also be department specific. The Plan-Do-Study-Act (PDSA) framework is a useful tool for tracking progress and measuring outcomes of specific interventions (<http://www.ihi.org/resources/Pages/Tools/PlanDoStudyActWorksheet.aspx>). Basic measures such as antimicrobial consumption should be tracked as mentioned previously. More advanced measures can include length of stay, readmission rates, rates of AMR, mortality, et cetera ([@bib0025]).

Although outcome measures are easily identifiable, access to data is a major barrier, particularly in LMICs. As an example, a study of 45 hospitals in Thailand reported 49% had access to antimicrobial consumption data and 64% regularly published an antibiogram ([@bib0020]). A visual aid for establishig an ASP can be seen in [Fig. 4](#fig0020){ref-type="fig"} .Fig. 4Implementing an antimicrobial stewardship program.Fig. 4

3. Controversial Issues: Challenges in LMICs {#sec0065}
============================================

3.1. Over-the-counter Antimicrobial Availability and Public Expectations {#sec0070}
------------------------------------------------------------------------

LMICs, including sub-Saharan Africa, have higher infectious disease rates than other developed countries. Additionally, there is extensive self-purchasing of antibiotics in LMICs and much of the global increase in antibiotic consumption in recent years has been in LMICs. The general public may come to expect the availability of non-prescription antibiotics, but these can pose a barrier to antimicrobial stewardship. AMR has been associated with non-prescription availability of antimicrobials ([@bib0055], [@bib0180], [@bib0115], [@bib0030]). Poor knowledge on the optimal use of antibiotics among the public could be one of the contributing factors of misuse of antibiotics by the community in LMICs ([@bib0085]).

Cost-effective measures LMICs can employ to combat AMR include public health campaigns designed to inform of the dangers of AMR and decrease unnecessary over the counter (OTC) antimicrobial use. Improved labeling for OTC medications may lead to decreased antimicrobial utilization, especially for countries in Africa where nearly all antimicrobials are obtained over the counter ([@bib0210]).

3.2. Unique Challenges and Knowledge Gaps in Antimicrobial Prescribing Among Providers {#sec0075}
--------------------------------------------------------------------------------------

Prescribers in LMICs agree that AMR is a growing problem, although few acknowledge that their own practice contributes to this issue ([@bib0135], [@bib0255]). Among 78 medical doctors and 106 medical students in Kisangani, Democratic Republic of Congo, more than 70% answered on a questionnaire they would prescribe antibiotics for an upper respiratory tract infection, for instance ([@bib0255]). Donkor and colleagues found that just under half of the students at tertiary level facilities in Ghana had poor knowledge about the suboptimal use of antibiotics ([@bib0110]). Similarly, there were concerns about the level of knowledge of antibiotics and AMR among medical students in South Africa as well as appreciable differences in the knowledge and perception of ASPs among final year pharmacy students in South Africa ([@bib0265]). Many physicians and nurses in Ethiopia also lack knowledge about antimicrobials and AMR ([@bib0010]).

A key target for closing knowledge gaps is in medical school education. There is evidence that medical students would prefer additional education on appropriate antimicrobial prescribing while in medical school ([@bib0225]). The WHO Department of Health Workforce has produced a report on e-Learning that could be utilized for this purpose ([@bib0290]). Direct education in the context of active patient interventions from ASPs to providers have proven to be some of the most effective education strategies (these include prospective audit and feedback along with antimicrobial restriction) ([@bib0225]).

3.3. Diagnostic Barriers: Microbiology Laboratory Access {#sec0080}
--------------------------------------------------------

Lack of microbiological laboratory support is a significant barrier in LMICs, and lack of laboratory diagnostic ability has been associated with increased mortality ([@bib0215]). A study of 251 children in Ghana demonstrated that approximately 40% of patients presumed to have severe malaria by symptoms actually had bacteremia ([@bib0120]). LMICs often have limited access to microbiology services and testing is often deferred to avoid associated costs ([@bib0215]).

Short term solutions may include partnering with larger institutions with microbiology laboratory capabilities, while long term solutions include prioritizing expanding microbiology laboratory infrastructure via a national action plan with dedicated funding. Global programs such as Strengthening Laboratory Medicine Toward Accreditation (SLMTA) and Stepwise Laboratory Improvement Process Towards Accreditation are working to increase access to microbiology laboratories in LMICs ([@bib0205]). Other resources are available to aid in developing microbiology labs in LMICs ([@bib0040], [@bib0045]).

3.4. Access to Antimicrobials {#sec0085}
-----------------------------

Encouraging optimal use of antimicrobials through antimicrobial stewardship can help best utilize these limited resources. However, a disproportionate availability of WATCH or RESERVE antimicrobials compared to ACCESS antimicrobials may pose a barrier to effective stewardship in many countries ([@bib0130]). One goal of the WHO is to increase utilization of ACCESS group antibiotics from the AWaRE classification to greater than 60% of all antimicrobials ([@bib0145]). Essential to this goal is ensuring these ACCESS group antibiotics are available.

According to the 2011 WHO World Medicines Situation Report, 17.6% of the world\'s population live in low-income countries, but they account for only 1% of total pharmaceutical spending. In the same report, a seven-day course of ciprofloxacin among 20 LMICs was projected to cost more than 2 days wages in greater than 50% of the countries sampled. A cost greater than 1 day of wages is considered to be unaffordable ([@bib0285]). This report suggests critical antimicrobials are financially inaccessible for a large proportion of the population in LMICs. However, there is evidence that access to antimicrobials in LMICs may be increasing. Between 2000 to 2015 cephalosporin use increased by 399% in LMICs compared to an 18% decrease in high income countries ([@bib0130]). Increasing optimal access to antimicrobials should be part of a country\'s national action plan ([@bib0145]). However, key antimicrobial stewardship principles should be adopted with newly accessible antimicrobial agents in order to limit the emergence of AMR.

3.5. Insufficient Staffing {#sec0090}
--------------------------

The optimal personnel profile of an ASP has been described above; however, major barriers to optimal personnel access exist, especially in LMICs. A 2012 global survey of 660 hospitals across 67 countries conducted by the European Society of Clinical Microbiology and Infectious Diseases revealed that only 12% of hospitals in Africa reporting the existence of an antimicrobial stewardship committee. Staff on these committees were primarily drawn from infection control personnel in Africa. Respondents from Africa and South and Central America noted the least average resource hours per week from an infectious disease-trained pharmacist or infectious disease physician. Lack of personnel or funding was the most commonly cited barrier to ASP activities among all surveyed institutions at 29% ([@bib0155]). In limited resource settings non-clinical pharmacists or nurses may need to play a larger role in ASPs ([@bib0065]). Other countries such as Oman have had success pooling limited resources into a single national antimicrobial stewardship team ([@bib0105]).

3.6. ASPs and Pandemic Preparedness and Response Efforts {#sec0095}
--------------------------------------------------------

On January 30^th^ 2020 the WHO declared Coronavirus Disease 2019 (COVID-19) a public health emergency of international concern (World Health Organization 2020). As of May 16 2020, COVID-19 has affected over 4.6 million people worldwide and has caused over 310,000 deaths ([@bib0250]).

Although infection prevention programs have a defined role in outbreak management, to date ASPs have not been involved in outbreak response efforts. There is emerging literature on the role of ASPs in pandemic response efforts, specifically in the context of COVID-19 ([@bib0245]). ASPs can help identify patients with COVID-19, develop treatment protocols utilizing novel or repurposed medications and help manage limited medication supplies through existing structures such as prospective audit and feedback or antimicrobial restriction. ASPs are likely to have a key role in future outbreak response efforts.

4. Summary {#sec0100}
==========

Antimicrobial resistance is an established and growing threat and LMICs share a disproportionate burden related to limited resources. It is vital that governments and health organizations identify action to limit antimicrobial resistance as a top priority. Antimicrobial stewardship involves the systematic deployment of evidence-based interventions designed to optimize antimicrobial use and slow the emergence of antimicrobial resistance. Excellent resources exist (such as the World Health Organization Antimicrobial Stewardship Programmes in Health-Care facilities in low- and middle-income countries--A WHO Practical toolkit, 2019) that can help institutions develop and sustain ASPs and monitor outcomes.
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